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\& (57) Abstract: An apparatus and method for pressure processing a pumpable substance. In one embodiment, the apparatus includes 
^ a pressure vessel (15) having an inlet port (31a) to receive the pumpable substance and an outlet port (31b) to remove the pumpable 
substance. The inlet and outlet ports can be sealed with movable internal valves. Each of the valves can include a purging fluid 
channel (51) that terminates in a purging zone located between two seals positioned on the valve. Purging fluid can be pumped 
Q through the channel and into the purging zone to create a fluid barrier between a pressurized portion of the pumpable substance and 
^ any unpressurized or only partially pressurized portion of the pumpable substance. The purging fluid may also sanitize the purging 
^ zone and may remove unpressurized or under-pressurized pumpable substance from the purging zone. 



WO 99/65341 A3 I IIIII !! lilill IIIII III) t II III llili KliH II lillt llll IIIIIII III! III! Illf 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 99/65341 



1 



PCT/US99/13726 



METHOD AND APPARATUS FOR REGULATING 
FLOW OF A PUMPABLE SUBSTANCE 

TECHNICAL FIELD 

This invention relates to methods and apparatus for pressure 
5 processing a pumpable substance, for example, food substances and the like. 

BACKGROUND OF THE INVENTION 

Flowable substances, such as liquid food products, may be treated 
by exposure to ultrahigh-pressures. For example, liquid food products may be 
preserved or otherwise chemically or physically altered after exposure to 

10 ultrahigh-pressures. In one conventional process, the food substance is loaded 
into a pressure vessel where it is pressurized to a selected pressure for a selected 
period of time to achieve the desired physical or chemical change. The vessel is 
then depressurized and the contents unloaded. The pressure vessel may then be 
reloaded with a new volume of unprocessed substance and the process may be 

1 5 repeated. 

Although current systems produce desirable results, issues of 
product contamination can arise. Contamination is an important issue in certain 
applications, particularly those involving pressure-processing of food substances. 
Contamination can potentially result from contact between the food substance 
20 and the outside environment, or can potentially result from exposure of the 
pressure processed food product to the unprocessed food product. 

SUMMARY OF THE INVENTION 

The invention relates to methods and apparatus for pressure- 
processing a pumpable substance, such as a food substance. In one embodiment, 
25 the apparatus includes a pressure vessel having an internal surface and at least 
one port through the internal surface. The apparatus further includes a valve 
body positioned proximate to the port and movable relative to the port between 
an open position and a closed position. The valve body has at least one sealing 
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surface that seals the port and restricts motion of the pumpable substance through 

the port when the valve body is in the closed position. The valve body can 

further include a channel coupled to a source of purging fluid. The purging fluid 

can be directed through the channel and into a purging zone located adjacent to 
5 the valve body. The purging fluid can then purge the purging zone of 

unpressurized or under-pressurized pumpable substance that might otherwise 

contaminate the fully pressurized pumpable substance. 

In one embodiment, the purging zone may be defined in part by 

two seals on the valve body. One seal may bear against an internal surface of the 
10 port, and the other seal may bear against a surface of the pressure vessel external 

to the port. The seals may include O-rings or other flexible sealing devices that 

isolate the purging zone. 

In another embodiment, the purging fluid may have sanitizing 

properties and may accordingly sanitize the purging region. In still another 
15 embodiment, the purging fluid may drive the valve body back and forth between 

the open and closed positions. 

BRIEF DESCRIPTION OF TFIE DRAWINGS 

Figure 1 is a partially broken, partial cross-sectional side elevation 
view of an apparatus having a pumpable substance valve and a high pressure 
20 valve in accordance with an embodiment of the invention. 

Figure 2 is a detailed cross-sectional side elevation view of the 
pumpable substance valve shown in Figure 1 . 

Figure 3 is a detailed cross-sectional side elevation view of the high 
pressure valve shown in Figure 1 . 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed toward methods and apparatus for 
pressure-processing pumpable substances, such as . food products. Details of 
certain embodiments of the invention are set forth in the following description, 
and in Figures 1-3, to provide a thorough understanding of such embodiments. 
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One skilled in the art, however, will understand that the present invention may 
have additional embodiments, and that they may be practiced without several of 
the details described in the following description. 

A pressure processing apparatus in accordance with one 
embodiment of the invention includes a pressure vessel having an internal inlet 
valve that opens to admit a pumpable substance into the vessel. The inlet valve 
then closes and the pumpable substance is compressed by a piston that is driven 
by an ultrahigh-pressure fluid. After the pumpable substance has been 
pressurized, an internal outlet valve opens to remove the pressurized pumpable 
substance. The inlet and outlet valves can be supplied with a purging fluid that 
can reduce the likelihood of contaminating the pressurized pumpable substance 
by creating a fluid barrier between the pressurized and unpressurized pumpable 
substances. 

Figure 1 is a partial cross-sectional elevation view of a pressure- 
processing apparatus 10 that includes a pressure vessel 35 having an internal 
surface 14 capable of withstanding high internal pressures. The pressure vessel 
15 may include an open-ended cylinder 12 having a pumpable substance valve 30 
at one end and a high pressure valve 70 at the opposite end. A yoke 1 1 secures 
the pumpable substance valve 30 and the high pressure valve 70 in place when 
the pressure vessel 15 is subjected to high internal pressures. The pumpable 
substance valve 30 includes two ports 31, shown in Figure 1 as an inlet port 31a 
that admits unpressurized pumpable substance into the pressure vessel 15, and an 
outlet port 31b that evacuates the pumpable substance from the pressure vessel 
once the pumpable substance has been pressurized. Each of the ports 31 can be 
sealed and unsealed with a valve body 40 (shown as an inlet valve body 40a and 
an outlet valve body 40b). The pumpable substance can be pressurized by a 
piston 13 that is driven by an ultrahigh-pressure fluid to move axially within the 
pressure vessel 15. The ultrahigh-pressure fluid is supplied to the pressure vessel 
15 through a high pressure conduit 71 in the high pressure valve 70. The 
ultrahigh-pressure fluid is initially removed from the pressure vessel 15 through 
the high pressure conduit 71 until the pressure within the vessel 15 is low enough 
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to allow the low pressure port 72 to open. Once the low pressure port 72 is 
opened, the remaining ultra-high pressure fluid can be evacuated from the 
pressure vessel 1 5 at a higher rate of flow through the low pressure port. 

Figure 2 is a detailed partial cross-sectional elevation view of the 
5 pumpable substance valve 30 and a portion of the cylinder 12 shown in Figure 1 . 
As shown in Figure 2, the pumpable substance valve 30 can include an inlet 
coupling 33a in fluid communication with the inlet port 31a, and an outlet 
coupling 33b in fluid communication with the outlet port 31b. The inlet coupling 
33a may be coupled to a source of pumpable substance (not shown), to supply 

10 the pumpable substance to the pressure vessel 15. The outlet coupling 33b may 
be coupled to a container or a packaging device to package the pumpable 
substance once it has been pressure processed. 

As mentioned above, the flow of the pumpable substance through 
the inlet port 31a and the outlet port 31b is controlled by the inlet valve body 40a 

15 and the outlet valve body 40b, respectively. Each valve body 40 is connected 
with a valve stem 50 to a valve piston 52 that drives the valve body 40 axially 
between an open position (shown by the position of the outlet valve body 40b in 
Figure 2) and a closed position (shown by the position of the inlet valve body 40a 
in Figure 2). Accordingly, each valve piston 52 has a forward face 55 adjacent 

20 an opening port 54 and a rear face 56 adjacent a closing port 53. When 
pressurized fluid is forced through the opening port 54, it acts against the forward 
face 55 of the valve piston 52 to drive the valve body 40 axially to its open 
position. When the pressurized fluid is forced through the closing port 53, it acts 
against the rear face 56 of the valve piston 52 to drive the valve body 40 axially 

25 to its closed position. 

Each valve body 40 can include an external portion 41 that remains 
external to the corresponding port 31 when the valve body is in the closed 
position, and an internal portion 42 that extends into the port when the valve 
body is in the closed position. Each valve body 40 may also include one or more 

30 seals that restrict the motion of the pumpable substance past the valve body when 
the valve body is in the closed position. For example, the valve body 40 can 
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include a flexible seal 43 around the periphery of the external portion 41. The 
flexible seal 43 can be held in place by a lip 44 so as to seal against an internal 
surface 14a of the purapable substance valve 30 adjacent the corresponding port 
3 1 . The valve body 40 can also include an O-ring 45 around the internal portion 
5 42 that seals against an internal surface 32 of the port 3 1 . 

An advantage of a valve body 40 having two seals (e.g., the 
flexible seal 43 and the O-ring 45) is that the seals reduce the likelihood that the 
pumpable substance will flow past the valve body when the valve body is in the 
closed position. For example, the two seals may reduce the likelihood that the 

10 pumpable substance will escape past the outlet valve body 40b and enter the 
outlet port 31b when the outlet valve body 40b is in the closed position and the 
pumpable substance is pressurized. Such a condition is undesirable because the 
escaping pumpable substance may not be fully pressure processed, and may 
therefore contaminate the fully processed substance that subsequently passes 

15 through the open outlet port 31b. Furthermore, the two seals on the inlet valve 
body 40a may prevent unpressurized pumpable substance from passing out of the 
inlet port 31a and directly into the outlet port 31b without being pressurized, for 
example when the inlet valve body 40a is in the closed position and the outlet 
valve body 40b is in the open position. 

20 The valve body 40 can also include a purging zone 60 that may 

further reduce the likelihood that the fully processed pumpable substance will be 
contaminated with unprocessed or under-processed pumpable substance. As 
shown in Figure 2, the purging zone 60 can be positioned between the O-ring 45 
and the flexible seal 43. The purging zone 60 can be further bounded by the 

25 internal portion 42 of the valve body 40 and by the inner surface 32 of the port 
31. Purging fluid can enter the purging zone 60 through one or more orifices 58 
located in the valve body 40 adjacent the purging zone. The orifices can be 
coupled to a source of purging fluid via a passage 5 1 in the valve stem 50. In one 
embodiment, the purging fluid can be the same fluid as is used to drive the valve 

30 piston 52. Accordingly, the purging fluid can enter the passage 51 via a passage 
entrance 57 when the valve body 40 is in the closed position and flow through 
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the valve stem 50 to the purging zone 60. When the valve body 40 is in the open 
position, the valve piston 52 blocks the passage entrance 57, preventing the 
purging fluid from entering the passage 51 and therefore preventing the purging 
fluid from flowing freely into the pressure vessel 15. 
5 While in the purging zone 60, the purging fluid can entrain 

particles of unprocessed or under-processed pumpable substance that might enter 
the purging zone by escaping past the flexible seal 43 and/or the O-ring 45. 
Accordingly, the purging zone 60 forms a fluid barrier between a region 
containing fully processed pumpable substance and a region containing 

10 unprocessed or only partially processed pumpable substance. For example, the 
purging zone 60 surrounding the outlet valve body 40b may prevent pumpable 
substance that has not been fully pressure processed from escaping the pressure 
vessel 15 before the processing cycle is complete. Furthermore, the purging zone 
60 surrounding the inlet valve body 40a may prevent unprocessed pumpable 

15 substance from flowing past the inlet valve body and out through the outlet port 
31b when the outlet valve body 40b is opened to remove the pumpable substance 
from the vessel 15. 

The purging fluid can exit the purging zone 60 through an exit 
channel 61 to convey unpressurized or under-pressurized pumpable substance 

20 away from the corresponding port 31. The exit channel 61 can include a check 
valve 62 that prevents the purging fluid from re-entering the purging zone 60 
when the pressure in the purging zone drops. For example, the check valve 62 
can include a flexible elastomeric ring that expands in diameter away from the 
exit channel 61 to allow the purging fluid to escape, and collapses on the exit 

25 channel to prevent the purging fluid from re-entering the purging zone 60. The 
escaping purging fluid can pass into an annulus 64 and away from the pressure 
vessel 15 through a relief valve 63. The relief valve 63 can be adjusted to 
maintain a pressure in the annulus 64 that is low enough to allow the purging 
fluid to escape and high enough to prevent the pumpable substance from passing 

30 out of the pressure vessel 1 5 between the cylinder 12 and the pumpable substance 
valve 30. 
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The purging fluid may include any suitable fluid that can drive the 
valve bodies 40 back and forth and purge the pumpable substance from the 
purging zones 60. In one embodiment, the purging fluid may also include a 
compound that contains iodine to clean and/or sanitize the surfaces adjacent the 
5 purging zone 60 as the purging fluid passes through the purging zone 60. 
Alternatively, the purging fluid may be selected to contain any substance that 
cleanses the purging zone 60 without adversely affecting the characteristics of 
the pumpable substance. Accordingly, the purging fluid may further reduce the 
likelihood that the fully pressure processed pumpable substance is contaminated 

10 by under-pressurized or unpressurized pumpable substance. In addition, the 
purging fluid may reduce the likelihood that particulates (which might be 
included in the pumpable substance) will become lodged between the valve body 
40 and the port 3 1 where they can prevent the valve body from fully closing. 

Figure 3 is a detailed partial cross-sectional side elevation view of 

15 the high pressure valve 70 and high pressure conduit 71 shown in Figure 1 . The 
high pressure conduit 71 can be coupled to a source of ultrahigh-pressure fluid to 
drive the piston 13 in the pressure vessel 15. The ultrahigh-pressure fluid can be 
supplied by a device such as a model No. 25X available from Flow International 
Corp. of Kent, Washington. Such devices are capable of generating pressures up 

20 to 55,000 psi; however, pressures higher or lower than this value may be suitable 
as well, so long as the pressure is sufficient to produce the desired effect on the 
pumpable substance. 

The ultrahigh-pressure fluid is evacuated from the pressure vessel 
15 through the low pressure port 72 as the pressure vessel is filled with the 

25 pumpable substance. The low pressure port 72 may be opened and closed with 
the low pressure valve body 40c in a manner similar to that discussed above with 
reference to the inlet and outlet valve bodies 40a and 40b shown in Figure 2. In 
one embodiment, the low pressure valve body 40c, the valve stem 50, and the 
valve piston 52 shown in Figure 3 may be identical to the valve bodies, valve 

30 stems and valve pistons shown in Figure 2 to provide for commonality of parts. 
However, because the low pressure port 72 is not exposed to the pumpable 
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substance, the high pressure valve 70 need not include a purging zone 60 
(Figure 2) or an exit channel 61 (Figure 2). 

As shown in Figure 3, the high pressure valve 70 can include a 
sealing flange 65 that is sealably coupled to an internal surface 14b of the 
5 cylinder 12 to seal the high pressure valve 70 within the cylinder. The sealing 
flange 65 is spaced apart from the internal surface 14b to accommodate an O-ring 

67 that sealably engages both the internal surface 14b and the flange 65. The 
high pressure valve 70 can also include an elastomeric seal 68 adjacent the 
O-ring, and an anti-extrusion ring 69 adjacent the elastomeric seal, both of which 

10 are seated against an aft surface 73 of the sealing flange 65. The elastomeric seal 

68 may comprise a polymer, such as an ultra-high molecular weight 
polyethylene, and the anti-extrusion ring 69 may include a metal, such as bronze. 
The aft surface 73 of the sealing flange 65 may be inclined so that as the 
elastomeric seal 68 is forced aft in the direction indicated by arrow A (for 

15 example, when the pressure vessel 15 is pressurized), the elastomeric seal 68 
forces the anti-extrusion ring 69 outward toward the cylinder 12, to prevent the 
elastomeric seal 68 from extruding into a small gap that might exist between the 
high pressure valve 70 and the cylinder 12. This arrangement may be 
advantageous because it reduces wear on the elastomeric seal 68. A similar 

20 arrangement may be used to seal the pumpable substance valve 30 (Figure 2) to 
the cylinder 12. 

Operation of an embodiment of the apparatus 10 is best understood 
with reference to Figures 1 and 2. Beginning with Figure 2, the outlet valve body 
40b is closed by supplying purging fluid through the corresponding closing port 

25 53. The purging fluid acts against the rear face 55 of the corresponding valve 
piston 52 to draw the outlet valve body 40b into the outlet port 31b. The O-ring 
45 seals against the internal surface 32 of the port 3 1 and the flexible seal 43 
seals against the internal surface 14a of the pumpable substance valve 30. The 
purging fluid enters the purging zone 60 of the outlet valve body 40b through the 

30 corresponding purging fluid passage 51, and exits the purging zone through the 
corresponding exit channel 61. The purging fluid continues to flow as long as 
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the outlet valve body is in the closed position. The inlet valve body 40a is then 
moved to its open position by applying purging fluid to the corresponding 
opening port 54. The purging fluid acts against the forward face 55 of the 
corresponding valve piston 52 to drive the inlet body 40a to the open position. 
5 Referring now to Figure 1, the low pressure valve body 40c is 

moved to its open position in a manner similar to that discussed above with 
reference to the inlet valve body 40a. The pumpable substance is then introduced 
through the inlet port 31a and into the pressure vessel 15 to move the piston 13 
toward the high pressure valve 70, driving residual high pressure fluid located 
10 between the piston 13 and the high pressure valve 70 out through the low 
pressure port 72. The low pressure valve 40c and the inlet valve body 40a are 
then closed and the ultrahigh-pressure fluid is introduced to the pressure vessel 
15 through the high pressure conduit 71. The ultrahigh-pressure fluid drives the 
piston 13 toward the pumpable substance valve 30 to compress the pumpable 
15 substance within the vessel. When the desired pressure is obtained, the flow of 
ultrahigh-pressure fluid is halted and the pumpable substance is allowed to 
remain at an elevated pressure for a selected period of time. When the selected 
period of time has elapsed, the pressure within the pressure vessel 15 is relieved 
by initially passing the ultra-high pressure fluid out of the pressure vessel 15 
through the high pressure conduit 71. The valve bodies 40b and 40c are then 
opened and low pressure fluid is supplied through the low pressure port 72 to 
move the piston 13 toward the outlet valve body 40b and remove the pumpable 
substance from the pressure vessel 15 through the outlet port 31b. The cycle can 
then be repeated with a new quantity of pumpable substance. 

One advantage of an embodiment of the apparatus 10 shown in 
Figures 1-3 is that the plurality of seals on each valve body 40 reduces the 
likelihood that the pressure processed pumpable substance will become 
contaminated with unpressurized or under-pressurized pumpable substance. 
Another advantage is that the two seals may define a purging zone 60 between 
the fully pressurized pumpable substance and the unpressurized pumpable 
substance. A purging fluid may be passed through the purging zone 60 to 
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remove under-pressurized pumpable substance from the purging zone, creating a 
fluid barrier between the pressurized pumpable substance and the unpressurized 
or under-pressurized pumpable substance. Furthermore, the purging fluid may 
sanitize the surfaces of the apparatus in the purging zone. Both the purging 
5 function and the sanitizing function can be completed while the apparatus is 
pressurized and without having to access the interior of the pressure vessel 15. 

Yet another advantage of the apparatus 10 shown in Figures 1-3 is 
that the seal 68 between the cylinder 12 and the valves 30 and 70 may include an 
anti-extrusion ring 69 positioned adjacent an inclined surface of the valves. The 
10 anti-extrusion ring 69 moves outward under pressure to reduce wear on the seal 
and to reduce the likelihood of a leak developing between the cylinder 12 and the 
valves 30 and 70. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 

15 illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. For example, the flexible seal 43 and the O-ring 45 
can be arranged differently on the valve body 40 so long as they provide a 
purging zone 60 between the pressurized pumpable substance and the 
unpressurized or under-pressurized pumpable substance. Alternatively, the two 

20 seals alone (without the purging fluid) can be sufficient to isolate the pressurized 
pumpable substance. Where the purging fluid is provided, the purging fluid can 
be delivered to the purging zone 60 via the valve stem 50, as shown in Figures 1- 
3, or alternatively, the purging fluid can be supplied directly through the inner 
surface 32 of the port 31. In still a further alternate embodiment, the piston 13 

25 can be replaced with another pressurizing means, for example, a bladder or a 
bellows, that expands and contracts within the pressure vessel 15 to pressurize 
the pumpable substance and to isolate the pumpable substance from the high 
pressure fluid. Accordingly, the invention is not limited except as by the 
appended claims. 
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CLAIMS 

1 . An apparatus for pressure-processing a pumpable food substance, 

comprising: 

a pressure vessel having an internal surface, a plurality of ports through 
the internal surface including a pumpable substance inlet port coupleable to a source 
of pumpable food substance, a pumpable substance outlet port, a fluid inlet port 
coupleable to a source of ultrahigh-pressure fluid, and a fluid outlet port; 

at least one valve body disposed in one of the ports and movable relative 
to the port between an open position and a closed position, the valve body having a 
first seal that sealably engages the internal surface of the pressure vessel adjacent the 
port when the valve body is in the closed position and a second seal that sealably 
engages an inner surface of the port when the valve body is in the closed position, the 
first seal being disengaged from the internal surface of the pressure vessel when the 
valve body is in the open position, the second seal being disengaged from the inner 
surface of the port when the valve body is in the open position; and 

pressurizing means positioned within the pressure vessel between the 
pumpable substance inlet port and the fluid inlet port to separate the pumpable 
substance from the ultrahigh-pressure fluid and pressurize the pumpable substance 
when the ultrahigh-pressure fluid is introduced through the fluid inlet port. 

2. The apparatus of claim 1 wherein the pressure vessel includes a 
cylindrical portion having an open end and a pumpable substance valve sealably 
positioned in the open end, the internal wall of the pressure vessel including an 
internal wall of the cylindrical portion and an internal wall of the pumpable substance 
valve, the one port extending through the internal wall of the pumpable substance 
valve. 

3. The apparatus of claim 2, wherein the pumpable substance valve 
has an axially extending sealing surface annularly spaced apart from the internal wall 
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of the cylindrical portion, the pumpable substance valve further having an inclined 
surface between the sealing surface and the internal wall of the cylindrical portion, the 
inclined surface being disposed at an obtuse angle to the sealing surface, the apparatus 
further comprising: 

a valve seal between the sealing surface of the pumpable substance valve 
and the internal wall of the cylindrical portion; and 

a ring between the valve seal and the internal wall of the cylindrical 
portion adjacent the inclined surface, the ring engaging the internal wall of the 
cylindrical portion when the valve seal applies an axial pressure to the ring. 

4. The apparatus of claim 1 wherein the pressurizing means includes 
a piston that sealably engages the internal wall of the pressure vessel between the fluid 
inlet port and the pumpable substance inlet port and is movable within the pressure 
vessel between the two inlet ports. 

5. The apparatus of claim 1 wherein the valve body includes a first 
portion that faces the internal surface of the pressure vessel adjacent the port and the 
first seal includes a resilient elastic material attached to the first portion, the elastic 
material being between the first portion and the internal surface of the pressure vessel 
and sealably engaging the internal surface of the pressure vessel adjacent the port 
when the valve body is in the closed position. 

6. The apparatus of claim 5 wherein the valve body includes a 
second portion generally transverse to the first portion and aligned with an axis of the 
port, the second portion being received by the port when the valve body is in the 
closed position, further wherein the second seal includes an O-ring disposed about the 
second portion to sealably engage an internal surface of the port when the valve body 
is in the closed position. 
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7. The apparatus of claim 1, further comprising a valve piston 
coupled to the valve body and having a first face and a second face facing away from 
the first face, the first face being in fluid communication with a source of pressurized 
fluid to move the valve body to the open position, the second face being in fluid 
communication with the source of pressurized fluid to move the valve body to the 
closed position. 

8. The apparatus of claim 7 wherein the valve body has a channel 
therethrough with first and second spaced apart openings, the first opening being 
coupled to a source of sanitizing fluid to provide sanitizing fluid to a region of the 
valve body adjacent the second opening. 

9. An apparatus for pressure-processing a pumpable food substance, 

comprising: 

a pressure vessel having an internal surface and at least one port through 
the internal surface; 

a valve body disposed in the port and movable relative to the port 
between an open position and a closed position, the valve body having a sealing 
surface that faces the internal surface of the pressure vessel adjacent the port when the 
valve body is in the closed position; 

a flexible seal attached to the sealing surface, the flexible seal engaging 
the internal surface of the pressure vessel adjacent the port when the valve body is in 
the closed position, the flexible seal being spaced apart from the port when the valve 
body is in the open position; and 

pressurizing means positioned within the pressure vessel proximate to 
the port to pressurize the pumpable food substance when the pumpable food substance 
is introduced into the pressure vessel. 

10. The apparatus of claim 9 wherein the pressure vessel includes a 
cylindrical portion having an open end and a pumpable substance valve positioned in 
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the open end, the internal surface of the pressure vessel including an internal wall of 
the cylinder and an internal wall of the pumpable substance valve, the one port 
extending through the internal wall of the pumpable substance valve. 

1 1 . The apparatus of claim 9 wherein the flexible seal extends around 
a periphery of the sealing surface and extends from the sealing surface toward the port. 

12. The apparatus of claim 9 wherein the valve body includes a lip 
that engages the flexible seal to at least restrict motion of the flexible seal away from 
the valve body. 

13. An apparatus for pressure-processing a pumpable substance, 

comprising: 

a pressure vessel having an internal surface and at least one port through 
the internal surface; 

a valve body disposed in the port and movable relative to the port 
between an open position and a closed position, the valve body having at least one 
sealing surface that seals the port and at least restricts motion of the pumpable 
substance through the port when the valve body is in the closed position, the valve 
body having a channel with a first opening coupled to a source of purging fluid and a 
second opening proximate to the port to direct purging fluid into a purging zone 
adjacent the valve body. 

14. The apparatus of claim 13 wherein the pressure vessel includes a 
cylindrical portion having an open end and a pumpable substance valve positioned in 
the open end, the internal surface of the pressure vessel including an internal wall of 
the cylinder and an internal wall of the pumpable substance valve, the one port 
extending through the internal wall of the pumpable substance valve. 
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15. The apparatus of claim 13 wherein the valve body has first and 
second spaced apart seals that engage at least one of the internal surface of the 
pressure vessel and an internal surface of the port, the first opening of the valve body 
being between the seals, the valve body being spaced apart from at least one of the 
internal surfaces in the purging zone, further wherein the pressure vessel has a fluid 
exit channel in fluid communication with the purging zone to remove the purging fluid 
from the purging zone. 

16. The apparatus of claim 15 wherein the exit channel is connected 
to a check valve that is movable relative to the exit channel between an open position 
wherein the check valve seals the exit channel to at least restrict motion of the purging 
fluid through the exit channel and an open position wherein the check valve opens the 
exit channel for the purging fluid to pass therethrough. 

17. The apparatus of claim 16 wherein the pressure vessel includes a 
cylindrical portion having an open end and a pumpable substance valve having a 
corresponding cylindrical wall positioned in the open end, further wherein the one port 
extends through the cylindrical wall of the pumpable substance valve, the exit channel 
extends through the cylindrical wall of the pumpable substance valve, and the check 
valve includes a resilient flexible ring disposed around the cylindrical wall of the 
pumpable substance valve and over an opening in the exit channel. 

18. The apparatus of claim 13 wherein the pressure vessel has an 
interior volume, the port is coupled to a source of pumpable food substance, and the 
purging zone is located between the source of pumpable food substance and the 
interior volume of the vessel. 

19. The apparatus of claim 13, further comprising a valve piston 
coupled to the valve body and having first and second opposite faces, the first face 
being in fluid communication with the source of purging fluid to move the valve body 
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to the open position, the second face being in fluid communication with the source of 
purging fluid to move the valve body to the closed position. 

20. The apparatus of claim 19, further comprising a stem that extends 
axially through the port between the valve body and the valve piston, wherein the 
channel extends through the stem. 

21. The apparatus of claim 13, further comprising the purging fluid, 
wherein the purging fluid is selected to sanitize at least a portion of the valve body and 
the port. 

22. The apparatus of claim 21 wherein the purging fluid contains 

iodine. 

23. An apparatus for pressure-processing a pumpable substance, 

comprising: 

a pressure vessel having an internal surface and at least one port through 
the internal surface; 

a valve body proximate to the port and movable relative to the port 
between an open position and a closed position, the valve body having at least one 
sealing surface that seals the port and at least restricts motion of the pumpable 
substance through the port when the valve body is in the closed position, the valve 
body having a channel with a first opening coupled to a source of purging fluid and a 
second opening proximate to the port to direct purging fluid into a region adjacent the 
valve body. 

24. The apparatus of claim 23 wherein the valve body extends into to 

the port. 
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25. The apparatus of claim 24, further comprising a valve piston 
coupled to the valve body and having first and second opposite faces, the first face 
being in fluid communication with the source of purging fluid to move the valve body 
to the open position, the second face being in fluid communication with the source of 
purging fluid to move the valve body to the closed position. 

26. A method for pressure processing a pumpable substance in a 
pressure vessel, comprising: 

introducing the pumpable substance into the pressure vessel; 

sealing a port of the pressure vessel by positioning a valve body at least 
proximate to the port and sealably engaging a first seal of the valve body with an inner 
surface of the port and sealably engaging a second seal of the valve body with an 
internal surface of the pressure vessel proximate to the port; 

pressurizing the pumpable substance in the pressure vessel; and 

removing the pumpable substance from the pressure vessel. 

27. The method of claim 26, further comprising: 

drawing the first portion of the valve body at least partially into the port; 

and 

drawing the second portion of the valve body toward the inner surface of 
the pressure vessel proximate to the port. 

28. The method of claim 26 wherein the port is a first port, the valve 
body is a first valve body, the vessel has a second port, and removing the pumpable 
substance includes removing the pumpable substance through the second port, further 
comprising sealing the second port by sealably engaging a first portion of a second 
valve body with an inner surface of the second port and sealably engaging a second 
portion of the second valve body with an internal surface of the pressure vessel 
proximate to the second port. 
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29. The method of claim 26 wherein sealing the port includes 
applying a fluid pressure to a third portion of the valve body coupled to and spaced 
apart from the first and second portions to draw the first portion of the valve body at 
least partially into the port. 

30. The method of claim 29 wherein applying a fluid pressure to the 
third portion of the valve body includes transmitting fluid through the valve body to an 
external surface of the valve body to purge a region adjacent to the external surface. 

31. A method for pressure processing a pumpable food substance, 

comprising: 

transferring the pumpable food substance into in an internal region of a 
pressure vessel through a port of the pressure vessel; 

sealing the port by moving a valve body at least adjacent to the port to 
block flow through the port; 

purging a purging region located between the internal region of the 
pressure vessel and a source of the pumpable food substance by directing a purging 
fluid through an orifice in the valve body while the valve body blocks flow through 
the port. 

32. The method of claim 3 1 wherein sealing the port includes moving 
at least a portion of the valve body into the port. 

33. The method of claim 3 1 wherein sealing the port of the pressure 
vessel includes applying the purging fluid to a piston connected to the valve body to 
urge the valve body adjacent to the port. 



34. The method of claim 3 1 , further comprising: 
selecting the purging fluid to have sanitizing properties; and 
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sanitizing the purging region by directing the purging fluid into the 
purging region. 

35. The method of claim 34 wherein sanitizing the purging region 
includes sanitizing a region adjacent an internal surface of the port. 

36. The method of claim 31, further comprising removing the purging 
fluid from the region adjacent the valve body. 

37. The method of claim 31 wherein the act of purging includes 
mixing a portion of the pumpable food substance with the purging fluid in the purging 
region and removing the purging fluid and the portion of the pumpable food substance 
from the purging region. 

38. The method of claim 31, further comprising: 

sealably engaging the valve body with an internal surface of at least one 
of the pressure vessel and the port at two spaced apart locations; and 

directing the purging fluid between the two spaced apart locations. 

39. The method of claim 31, further comprising halting the flow of 
purging fluid through the orifice by moving the valve body away from the port to 
block the flow of purging fluid through the valve body. 

40. A method for pressure processing a pumpable food substance, 

comprising: 

transferring the pumpable food substance into a pressure vessel through 

an inlet port; 

sealing the inlet port by moving an inlet valve body into the inlet port to 
block flow through the inlet port; 
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sanitizing a region adjacent the inlet valve body by directing a sanitizing 
fluid through a channel in the inlet valve body and out of the inlet valve body through 
an orifice in the inlet valve body while the inlet valve body blocks the inlet port; 

sealing the outlet port by moving an outlet valve body adjacent to the 
outlet port to block flow through the outlet port; and 

sanitizing a region adjacent the outlet valve body by directing a 
sanitizing fluid through a channel in the outlet valve body and out of the outlet valve 
body through an orifice in the outlet valve body while the outlet valve body blocks the 
outlet port. 



41. The method of claim 40 wherein sealing the inlet port of the 
pressure vessel includes applying the sanitizing fluid to a piston connected to the inlet 
valve body to urge the inlet valve body adjacent to the inlet port. 

42. The method of claim 40, further comprising removing the 
sanitizing fluid from the regions adjacent the inlet and outlet valve bodies. 



43. The method of claim 40, further comprising: 
sealably engaging the valve body with an internal surface of at least one 
of the pressure vessel and the port at two spaced apart locations; and 

directing the sanitizing fluid between the two spaced apart locations. 
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